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DESCRIPTION 

CERIUM OXIDE PARTICLES AND PRODUCTION METHOD THEREFOR 

TFnHNirAT. FIELD 

[0001] The present invention relates to cerium oxide particles and a production method 
therefor. 

RACKGROTJND ART 

[0002] A cerium oxide abrasive containing a slurry in which cerium oxide particles 
obtained by subjecting a cerium oxide compound obtained by calcining a hydrate of a 
cerium compound at a temperature of 350°C or higher but of SOO'^C or lower to a 
pulverizing process and then calcining it at a temperature of 600*'C or higher are dispersed 
in a medixmi is disclosed, for example, in Claims in a below-mentioned patent literature 1. 
In Example 1 in the below-mentioned patent literature 1, it is described that if a material 
that has been calcined at 400''C for 2 hours is pulverized by a ball mill and is then re- 
calcined at 800*^0 for 2 hours, a material whose particle diameter is uniform with the 
primary particle diameter being 200 nm is obtained, [patent literature 1: refer to 
Japanese Patent Laid-Open Publication No. Hei 10-106990 (Claims, Example 1)] 
[0003] A cerium oxide abrasive containing a slxirry in which cerium oxide particles with 
the median of a primary particle diameter distribution being 30 nm to 250 nm and the 
median of a particle diameter distribution being 150 nm to 600 nm are dispersed in a 
medium is disclosed, for example, in Claims in a below-mentioned patent literature 2. In 
Example 1 in the below-mentioned patent literature 2, it is described that by calcining 
cerium carbonate at 800^*0 for 2 hours, a cerium oxide with the median of the distribution 
of primary particle diameters being 190 nm and the specific surface area being 10 mVg is 
obtained. Furthermore, in Example 2 in the below-mentioned patent literature 2, it is 
described that by calcming ceriirai carbonate at VOO^'C for 2 hours, a cerium oxide with the 
median of the distribution of primary particle diameters being 50 nm and the specific 
surface area being 40 mVg is obtained, [patent literature 2: refer to Japanese Patent 
Laid-Open Publication No. Hei 10-152673 (Claims, Example 1 and Example 2)] 
[0004] A production method for cerium dioxide (CeOz) in which cerium carbonate is 
tumed into cerium monooxycarbonate by performing a heating process under a high 
humidity having a relative humidity of 80% or higher m a temperature range of 60''C to 
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100*^0, and then calcining is carried out, is disclosed, for example, in Claims in a below- 
mentioned patent literature 3. In Example 1 in the below-mentioned patent literature 3, it. 
is described that hexagonal platy cerium carbonate is put into a constant temperature and 
humidity chamber, and a humidifying-drying process is performed at 85 °C and a relative 
humidity of 95% for 8 hours so as to obtain acicular cerium monooxycarbonate 
Ce2(C03)2*H20, and this is calcined at 400®C for 2 hours so as to obtain a cerium oxide 
with the specific surface area being 153 mVg, and this is re-calcined at 800°C for 5 hours, 
so that a cerium oxide of 15.2 mVg is obtained. Furthermore, in Comparative Example 2 
in the below-mentioned patent literature 3, it is described that if hexagonal platy cerium 
carbonate is put into an autoclave and a hydrothermal process is performed at 120°C for 8 
hours, basic cerium carbonates Ce2(C03)2»H20 in a hexagonal platy form and a spherical 
form are obtained, and the amount of production of cerium monooxycarbonate is 5% of the 
total, and the material is calcined at 400®C for 2 hours so as to obtain a cerium oxide of 1 12 
mVg in specific surface area, and this is re-calcined at 800*'C for 5 hours, so that a cerium 
oxide of 2.8 mVg is obtained, [patent literature 3: refer to Japanese Patent Laid-Open 
Publication No. Hei 7-81932 (Claims, Example 1 and Comparative Example 2)] 

DISCLOSURE OF THE rNVENTION 
[0005] While cerium oxide particles are widely used as an abrasive for substrates whose 
main component is silica, a cerium oxide abrasive capable of attaining a high-quality 
polished face without surface defects, such as scratches or the like, is strongly desired in 
recent years. Furthermore, in order to avoid a drop in productivity if a cerium oxide 
abrasive is used, maintenance of a polishing speed is also desired. To this end, the cerium 
oxide particles have to be cerium oxide particles in which the numbers of huge primary 
particles that become a cause of occurrence of scratches and of very small primary particles 
that become a cause of a polishing speed deterioration. That is, a production method for 
cerium oxide particles capable of more sharply controlling the primary particle diameter 
distribution of cerium oxide particles is desired. 

In the way to the completion of the present invention, the present inventors investigated the 
distribution of particle diameters converted from a specific surface area based on a gas 
absorption method (BET method) (hereinafter, referred to as "BET method-converted 
particle diameters"), and judged whether uniform cerium oxide particles were obtained. 
[0006] In the case where a starting material cerium compound is calcined in an actual 
production, calcining is generally performed by charging a ceramics-made container 
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(sagger) filled with the starting material into an electric furnace or a gas calcining furnace 
having a capacity of 0.5 or greater. On this occasion, small saggers are used in order to 
calcine as uniformly as possible; therefore, the number of saggers charged into the 
calcining furnace sometimes reaches several tens to several hundreds. Furthermore, if a 
calcining furnace is larger in size, the in-fiimace temperature distribution is likely to be 
greater. Therefore, it is difficult to obtain uniform cerium oxide particles [this herein 
means cerium oxide particles having the same BET method-converted particle diameter.] in 
all the saggers, and if a calcining condition that solves this difficulty is found, the yield in 
the calcining step improves, leading to a cost reduction. Furthermore, in a ceriimi oxide 
powder made of cerium oxide particles obtained in this fashion, the primary particle 
diameter distribution is narrow. Hence, if an aqueous cerium oxide slurry produced from 
this oxide cerium powder is used as an abrasive, a high-quality polished face is obtained 
without deteriorating the polishing speed, so that a productivity improvement and a cost 
reduction of the polishing step are made possible. 

[0007] As a result of intensive considerations about the calcining conditions for a cerium 
compound for obtaining a cerium oxide, the present inventors have found that due to a 
procedure via a stage where the temperature rise speed is set at 60°C/hour or less during a 
temperature raising stage from a room temperature to a temperature of 400°C to 1200°C, 
the difference in the BET-converted particle diameter between a surface layer portion and 
an internal portion of the cerivmi oxide powder in a sagger is small, and, with regard to the 
BET method-converted particle diameters of cerium oxide particles obtained from a 
plurality of saggers, the value calculated through the following expression I: 

[(standard deviation)/(average value)] x 100 (I) 
in the expression, (standard deviation) represents a standard deviation of the BET method- 
converted particle diameters, and (average value) represents an average value of the BET 
method-converted particle diameters, is between 3 and 10, that is, a cerium oxide powder 
having uniform BET method-converted particle diameters is obtained, and completed the 
present invention. 

[0008] Furthermore, the present inventors also foxmd that in a step of calcining a cerium 
carbonate hydrate to produce a cerium oxide, a rapid dehydration is suppressed by calcining 
the cerium carbonate hydrate imder a humidified condition from a temperature of lOO^C or 
higher to a temperature range of 200^*0 to 350°C where the dehydration of the cerium 
carbonate hydrate occurs, so that a cerium oxide whose primary particle diameter 
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distribution is sharp is obtained. 

[0009] If the aqueous cerium oxide slurry containing cerium oxide particles obtained 
through the method of the present invention is used as an abrasive, a high-quality polished 
face is obtained without deteriorating the polishing speed, so that a productivity 
improvement and a cost reduction of the polishing step are possible. This calcining 
method is particularly useful with a Kiln-type fumace, a fluidized bed fumace, etc. in 
which a humidified gas can be supplied during calcining. 

[0010] The first aspect of the invention is a method of producing cerium oxide particles by 
raising a temperature of a cerium compound from a normal temperature and heating the 
cerium compound to a temperature range of 400^C to 1200^C, in which the method 
comprises at least a temperature raising stage of a temperature rise speed of l^'C/hour to 
60°C/hour. 

[0011] The second aspect of the invention is the production method for cerium oxide 
particles according to the first aspect, wherein the temperature raising stage of the 
temperature rise speed of 2**C/hour to 60°C/hour is a first temperature raising stage that is 
continued until tiie temperature reaches a temperature range of 200''C to SSCC after rising 
from the normal temperature. 

[0012] The third aspect of the invention is the production method for cerium oxide particles 
according to the second aspect, wherein after the first temperature raising stage, heating is 
performed up to the temperature range of 400°C to 1200^C in a second temperature raising 
stage of a temperature rise speed of 2''C/hour to 200°C/hour, 

[0013] The fourth aspect of the invention is the production method for cerium oxide 
particles according to any one of the first aspect to the third aspect, wherein after the 
temperature reaches the temperature range of 400°C to 1200°C, the temperature is 
maintained for 10 minutes to 240 hours. 

[0014] The fifth aspect of the invention is a cerium oxide powder made of cerium oxide 
particles produced in a ceramics-made container based on the method according to any one 
of the fu-st aspect to the fourth aspect, in which a difference in BET method-converted 
particle diameter converted from a specific surface area value obtained through a BET 
method between cerium oxide particles of a surface layer portion and an internal portion of 
the powder within the container is within 20% of an average value of BET method- 
converted particle diameters of cerium oxide particles of the entire powder within the 
container. 
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[0015] The sixth aspect of the invention is a cerium oxide powder made of cerium oxide 
particles produced in plural ceramics-made containers based on the method according to 
any one of the first aspect to the fourth aspect, in which a standard deviation of BET 
method-converted particle diameters converted from specific surface area values obtained 
through a BET method, and an average value of the BET method-converted particle 
diameters are such that the value calculated through the following expression I: 

[(standard deviation)/(average value)] x ICQ (I) 
in the expression, (standard deviation) represents a standard deviation of BET method- 
converted particle diameters, and (average value) represents an average value of BET 
method-converted particle diameters, 
is within a range of 3 and 10. 

[0016] The seventh aspect of the invention is a method of producing cerium oxide particles 
by raising a temperature of a cerium compound from a normal temperature and heating the 
cerium compoimd to a temperature range of 400*^0 to 1200*'C, in which the method 
proceeds via a stage of heating while supplying a humidified gas in a temperature raising 
process. 

[00171 The eighth aspect of the invention is the production method for ceriimi oxide 
particles according to the seventh aspect, wherein a water vapor in the himiidified gas has a 
value of 0.5 to 0.8 in a partial pressure ratio calculated through the following expression II: 

H20p/(H20p + gaSp) (II) 
in the expression, H20p represents the partial pressure of water vapor, and gaSp represents 
the partial pressure of the gas. 

[0018] The ninth aspect of the invention is the production method for ceriiim oxide 
particles according to the seventh aspect or the eighth aspect, wherein the gas is an oxygen 
gas, a mixture gas of oxygen and nitrogen, or an air. 

[0019] The tenth aspect of the invention is the production method for cerium oxide 
particles according to any one of the seventh aspect to the ninth aspect, wherein supply of 
the humidified gas is started at a temperature of lOC'C or higher, and is continued imtil a 
temperature range of 200°C to 350°C is reached. 

[0020] The eleventh aspect of the invention is the production method for cerixim oxide 
particles according to any one of the seventh aspect to the tenth aspect, wherein the cerium 
compound is a ceriimi carbonate hydrate. 

[0021] The twelfth aspect of the invention is a cerium oxide powder made of cerium oxide 
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particles produced in an atmosphere adjustment type calcining furnace based on the method 
according any one of the seventh aspect to the eleventh aspect, in which values of particle 
diameters of the powder measured through a laser diffraction method become 0.1 to 0.3 as a 
ratio value calculated through the following expression III: 

(D3o-D.o)/(D,o-D5o) (III) 
in the expression, 

D,o represents a particle diameter that means that the number of particles of this 
particle diameter or less is 10% of the total number of particles, 

D50 represents a particle diameter that means that the number of particles of this 
particle diameter or less is 50% of the total number of particles, and 

D90 represents a particle diameter that means that the number of particles of this 
particle diameter or less is 90% of the total number of particles. 

[0022] The thirteenth aspect of the invention is an aqueous cerium oxide slurry for use for 
the polishing of a substrate whose main component is silica, which contains cerium oxide 
piarticles produced by the method according to any one of the first aspect to the fourth 
aspect and the seventh aspect to the eleventh aspect. 

[0023] The fourteenth aspect of the invention is the aqueous cerium oxide slurry according 
to the thirteenth aspect, wherein the polishing of a substrate whose main component is 
silica is the polishing of a rock crystal, a photomask-purpose quartz glass, an organic film 
for a semiconductor device, a low-dielectric constant film for a semiconductor device, an 
inter-layer insulator film for a semiconductor device, trench isolation for a semiconductor 
device, or a glass-made hard disk substrate. 

[0024] If the aqueous cerixmi oxide slurry produced from cerium oxide particles of the 
present invention is used as an abrasive for a substrate whose main component is silica, for 
example, a rock crystal, a photomask-purpose quartz glass, a semiconductor device, and a 
glass-made hard disk, polished surfaces with a high-precision smoothness can be efficiently 
obtained. Therefore, the slurry is useful as a final finish abrasive. 

[0025] The ceriimi oxide particles and the cerium oxide slurry obtained in the present 
invention can be used for polishing surfaces of plating layers of Ni-P and the like provided 
on aluminum disks that may possibly be provided as industrial products and, particularly: 
surfaces of hard Ni-P plating layers with compositions of 90% by mass to 92% by mass of 
Ni and 8% by mass to 10% by mass of P; surfaces of aluminum oxide layers, or surfaces of 
aluminum, aluminum alloys and anodized aluminum; nitride films and carbide films of 
semiconductor devices; wiring metals of semiconductor multilayer wiring substrates; etc., 
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and the final finish polishing of magnetic heads and the like as well. 

RRST MQDKS FOR CARR YTNO OUT THE INVENTION 
[0026] In the present invention, normal temperature is usually room temperature (20*'C). 
If a calcining fiimace is left standing, the temperature in the calcining furnace becomes 
equal to the room temperature. As for the calcining fumace, it is preferable that the in- 
fiimace temperature rise firom the vicinity of 20°C. However, in actual operations where a 
calcining fumace is repeatedly used, it is also possible that the in-fumace temperature rise 
from the vicinity of 40°C to SO^'C and the present invention be carried out. 
[0027] As for the cerium compovmd used in the present invention, a commercial item may 
be used. For example, a commercial hexagonal platy cerium carbonate hydrate 
[Ce2(CO)3*nH20 n=6 to 10] whose average particle diameter measured through a laser 
dififraction mefliod is several \xm to several ten ^m may preferably be used. 
[0028] Reasons for performing the initial temperature raise (first temperature raising stage) 
in the present invention at a temperature rise speed of 2°C/hour to 60°C/hour will be stated 
below. 

[0029] In a process of calcining a cerium carbonate hydrate at 400°C to 1200'*C, a 
dehydration reaction gradually begins at 80°C to lOO^C, and a decarboxylation reaction 
begins at lOO^'C to 180°C. Simultaneously with the decarboxylation reaction, an 
oxidation reaction occurs. As a resuh of the dehydration reaction, the decarboxylation 
reaction, and the oxidation reaction, the cerium carbonate hydrate tums into a ceriimi oxide. 
Therefore, m the case where the temperature rise speed fi^om the normal temperature is very 
fast, the decarboxylation reaction and the oxidation reaction of the cerium carbonate 
hydrate begin to occur while the dehydration reaction of the cerium carbonate hydrate does 
not completely end. Hence, in the reaction system, a total of four components, that is, 
anhydrous cerium carbonate [Ce2(C03)3], cerium oxycarbonate [Ce20(C03)2] and cerium 
oxide (CeOj) in addition to the starting material cerium carbonate hydrate [Ce2(C03)3*nH20 
n=6 to 10], coexist. Particularly, if cerium carbonate hydrate remains until the time of 
calcining at 400 to nOO'^C, the dehydration reaction, the decarboxylation reaction and the 
oxidation reaction rapidly occur locally, which becomes a cause of inducing abnormal 
growth of the primary particle diameter of cerium oxide, so that cerium oxide with 
nonuniform primary particle diameters will be obtained. Therefore, it is necessary to 
make the dehydration reaction of the cerium carbonate hydrate end completely by gradually 
raising the temperature particularly firom the normal temperature to a temperature of 200*^0 
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to 350°C so that no cerium carbonate hydrate will remain at 350°C or higher. 

[0030] In the aforementioned case, gradual temperature raise is desirable; however, if the 

temperature rise speed is slower than 2*^C/hour, the temperature raise time becomes 

excessively long, which is not practical. Therefore, practically, a temperature rise speed of 

2'*C/hour to eO^'C/hour, and especially lO^C/hour to 30°C/hour, can be said to be more 

preferable. 

[0031] After the temperature range of 200''C to 350°C is reached in the first temperature 
raising stage, a second temperature raising stage is entered. It is permissible to perform 
the second temperature raising stage after maintaining the temperature reached in the first 
temperature raising stage for 1 hour to 100 hours, and it is also permissible to transfer to the 
second temperature raising stage continuously fi-om the temperature reached in the first 
temperature raising stage. 

[0032] After the first temperature raising stage, it is preferable to perform the second 
temperature raising stage at a temperature rise speed of 2''C/hour to 200''C/hour so as to 
heat to the range of 400''C to 1 200^*0. It is advisable to perform the second temperature 
raising stage at a temperature rise speed that is the same as or higher than that of the first 
temperature raising stage. Specifically, for example, if the temperature rise speed of the 
first temperature raising stage is SO^'C/hour, the temperature rise speed of the second 
temperature raising stage may be 40''C/hour. The temperatvire rise speed of the second 
temperature raising stage is I'^C/hom to 200°C/hour, and preferably SO^'C/hour to 
150**C/hour. 

[0033] Intended cerium oxide particles of the present invention can be obtained by heating 
the cerium compoxmd until the temperature reaches the temperature range of 400**C to 
1200^*0 in the second temperature raising stage, and usually the temperature range of 
600°Cto llOO^C. 

[0034] It is advisable that the hold time on the occasion of calcining at 400°C to 1200°C be, 
for example, 10 minutes to 240 hours. Even if the hold time exceeds 240 hours, there will 
be no harm. However, since the temperature is gradually raised, the particle growth of 
cerium oxide substantially ends within 60 hours of the hold time at a maxhnum temperature. 
Therefore, even if the hold time exceeds 240 hours, the effect thereof is considered to be 
small. 

[0035] In the present invention, the aforementioned cerium compound is put into ceramic- 
made containers (for example, saggers), and is calcined in a calcining fiimace. The 
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calcining furnace used in the present invention may be an electrical furnace or a gas 
calcining furnace of a batch type or a continuous type. 

[0036] As a material of the ceramics-made container (sagger), an alumina material, a 
mulite material, a mulite cordierite material, cordierite material, etc. may be cited. 
[0037] As for the cerium oxide powder produced in ceramics-made containers (saggers) on 
the basis of the production method of the present invention, it is preferable that the 
difference in the BET method-converted particle diameter converted from a specific surface 
area value obtained through the BET method between the ceriimi oxide particles of a 
surface layer portion and an internal portion of the powder in the container is preferably 
within 20% of the average value of the BET method-converted particle diameters of cerium 
oxide particles of the entire powder v^thin the container. 

[0038] In the cerium oxide powder present in a ceramics-made container (sagger), the 
surface layer portion of the cerium oxide powder refers to a portion of the ceriimi oxide 
powder that is present within a depth of 1/5 to 1/4 from the surface with respect to the depth 
of the powder firom the surface in contact with air to a bottom portion, with reference to the 
direction of the depth. 

[0039] In the case where the difference in the BET method-converted particle diameter 
exceeds 20% of the average value of BET method-converted particle diameters, the 
distribution of the BET method-converted particle diameters of cerium oxide particles 
becomes excessively wide. Therefore, the case is not preferable. 

[0040] The cerium oxide powder made of cerium oxide particles produced in a plurality of 
ceramics-made containers (saggers) based on the aforementioned method is preferably a 
cerium oxide powder wherein a standard deviation of BET method-converted particle 
diameters converted from specific surface area values obtained through the BET method, 
and an average value of the BET method-converted particle diameters are such that the 
value calculated through the following expression I: 

[(standard deviation)/(average value)] x 100 (I) 
in the expression, (standard deviation) represents a standard deviation of BET method- 
converted particle diameters, and (average value) represents an average value of BET 
method-converted particle diameters, is within the range of 3 and 10. 
[0041] If the value calculated through the expression I exceeds 10, the distribution of the 
BET method-converted particle diameters of cerium oxide particles becomes excessively 
wide, which is not preferable. Furthermore, taking into account the measurement 
precision of the BET method-converted particle diameters of cerium oxide particles, values 
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less than 3 calculated through the expression I with regard to the cerium oxide particles 
obtained from a plurality of saggers are considered to be impractical values. 
[0042] With regard to the cerium oxide particles obtained through calcining, the particle 
diameter converted from a specific surface area value obtained through the BET method is 
10 nm to 500 nm, and the primary particle diameter based on observation with a scaiming 
type electron microscope is 5nm to 800 nm. 

[0043] When cerium oxide particles are produced by raising the temperature of a cerium 
compound from the normal temperature and heating the cerium compoimd to the 
temperature range of 400°C to 1200''C, it is permissible to proceed via a stage of heating 
while supplying a humidified gas in a temperature raising process. 

[0044] Reasons for using a humidified gas in the temperature raising process will be 
explained below. 

[0045] As stated above, in the process of calcining cerium carbonate hydrate at 400°C to 
1200*^0, the dehydration reaction gradually begins at 80**C to lOO^C, and the dehydration 
reaction becomes faster after lOO^'C is exceeded, and ends between 200''C and 350*^0. 
The decarboxylation reaction begins at lOO^C to 180°C. Simultaneously v^th the 
decarboxylation reaction, the oxidation reaction occurs as well. As a result of the 
dehydration reaction, the decarboxylation reaction and the oxidation reaction, cerium 
carbonate hydrate turns into a cerium oxide. The decarboxylation reaction and the 
oxidation reaction substantially end between 250°C and 350^C. Therefore, if the partial 
pressure of water vapor in the calcining atmosphere is low from a temperature of 100°C or 
higher to a temperature between 200°C and 350^*0, rapid dehydration of cerivim carbonate 
hydrate occxirs, and simultaneously, rapid decarboxylation and oxidation reactions occur as 
well. Thus, there is created a cause of inducing abnormal growth of primary particles 
(abnormal increase in primary particle diameter) of ceriimi oxide. 

[0046] Therefore, it is preferable to relax the dehydration reaction speed of cerium 
carbonate hydrate by supplying a humidified gas that has a value of 0.5 to 0.8 in the partial 
pressvire ratio calculated through the following expression II: 

HPp/CHPp + gaSp) (II) 
in the expression, HjOp represents the partial pressure of water vapor, and gaSp represents 
the partial pressure of the gas. That is, it is preferable to start supplying the humidified 
gas at a temperature of lOO'^C or higher and continue the supply until the temperature range 
of 200^C to 350^C is reached. 
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[0047] As the humidified gas, for example, an oxygen gas, a mixture gas of oxygen and 
nitrogen, or air may be cited. Air is easy to handle and inexpensive, and is most 
preferable. The flow rate of these gases is preferably 0.1 liter/minute to 100 liters/minute 
for lOOg of cerium carbonate hydrate. 

[0048] However, if, on the occasion of calcining, a gas containing water vapor of a partial 
pressure higher than the saturated water vapor pressure (humidified gas) is supplied in the 
temperature range from the room temperature and below lOO^^C, there is a fear of water 
vapor in the humidified gas condensing in the calcining atmosphere. If this phenomenon 
occurs, for example, in the case where a continuous-type Kiln furnace to which a starting 
material powder is continuously supplied is used, there is possibility that the starting 
material powder and condensed water may mix and solidify to a moist cake state, and the 
starting material powder may become unable to move in the calcining fumace, and thus the 
furnace may be blocked. Furthermore, in the case where a fluidized bed fumace is used, 
there is possibility that solidified moist cake may clog gas eject holes and the fluidized bed 
calcining cannot be carried out. Therefore, in the temperature region below 100°C, it is 
advisable to perform the calcining imder the flow of a not-humidified gas (for example, 
under the flow of an air that is not adjusted in humidify), or perform the calcining under 
natural convection. 

[0049] At temperatures exceeding 350°C, the dehydration reaction of cerium carbonate 
hydrate has ended, and the supply of a humidified gas is ineffective. Therefore, it is 
preferable that the supply of a humidified gas be stopped after a temperature of 200 to 
SSO^'C is reached, and, after that, calcining be carried out under the flow of a not- 
humidified gas (for example, imder the flow of an air that is not adjusted in humidity) or 
calcining be carried out under natural convection. 

[0050] In the case where a himiidified gas is used, the temperature rise speed from the 
room temperature to a temperature of 400°C to 1200°C may be a temperature rise speed 
that is usually used in this field, and practically a temperature rise speed of 10°C/hour to 
120''C/hour is preferable. 

[0051] In the case where a humidified gas is used, the hold time in the calcining at 400°C 
to 1200''C is usually 10 minutes to 240 hours. Even if the hold time exceeds 240 hours, 
there will be no harm. However, since the temperature is gradually raised during calcining, 
the particle growth of cerium oxide substantially ends within 60 hours of the hold time at a 
maximimi temperature. Therefore, even if the hold time exceeds 240 hours, the effect 
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thereof is considered to be small. 

[0052] The calcining fiimace used in the present invention is preferably an atmosphere 
adjustment type calcining furnace, such as a fluidized bed fiimace, a Kiln type continuous 
fiimace, etc, in which a humidified gas can be supplied during temperature rise, 
[0053] The cerium oxide powder of the present invention obtained by using a humidified 
gas is a cerium oxide powder in which values of particle diameters of the powder measured 
through a laser diffraction method become 0.1 to 0.3 as a ratio value calculated through the 
following expression III: 

(D5o-D,o)/(D,o-D5o) (III) 
in the expression, 

D,o represents a particle diameter that means that the number of particles of this 
particle diameter or less is 10% of the total number of particles, 

D50 represents a particle diameter that means that the number of particles of this 
particle diameter or less is 50% of the total number of particles, and 

D90 represents a particle diameter that means that the number of particles of this 
particle diameter or less is 90% of the total number of particles. In the case where the 
ratio value exceeds 0.3, a particle diameter distribution with a large proportion of coarse 
particles results, and, on the occasion of use as an abrasive, there is a fear of many scratches 
occurring in a polished face. If the ratio value is less than 0.1, a particle diameter 
distribution with a large proportion of fine particles results, and, on the occasion of 
provision as an abrasive, there is a fear of the polishing speed slowing down. 
[0054] By dispersing cerium oxide particles produced by the method of the present 
invention in a suitable aqueous medium, the aqueous cerium oxide slurry of the present 
invention can be produced. This dispersion can be performed by using a conventional wet 
type pulverizing apparatus, such as a ball mill, a sand grinder, an attritor, etc. 
[0055] As for the aqueous cerium oxide slurry of the present invention, the average particle 
diameter of the cerium oxide particles measured through a laser diffraction method is 
within the range of 50 nm to 600 nm. This aqueous cerium oxide slurry can be obtained 
by wet-pulverizing the cerium oxide powder of the present invention for 1 hour to 72 hours 
in an aqueous medium of pH 3 to 11 containing 10% by mass to 60% by mass of cerium 
oxide. 

[0056] The aqueous cerium oxide slurry of the present invention may be adjusted to pH 1 
to 6 by adding an acidic substance. As the acidic substance, nitric acid, hydrochloric acid, 
acetic acid, etc. may be cited. The aqueous cerium oxide slurry of the present invention 
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may be adjusted to pH 8 to 13 by adding a basic substance. As the basic substance, 
ethanolamine, diethanolamine, triethanolamine, N,N-dimethyiethanolamine, 
methylethanolamine, monopropanolamine, ammonia, etc. as well as sodium hydroxide, 
potassium hydroxide and tetramethylammonium hydroxide may be cited. 
[0057] In the aqueous cerium oxide slurry of the present invention, it is possible to add 
various additives in accordance with desire, for example, aqueous macromolecules, anionic 
surface active agents, nonionic surface active agents, cationic surface active agents, etc. 
Specifically, for example, aqueous macromolecules, such as polyvinyl alcohols, acrylic acid 
polymers and ammonixmi salts thereof, methacrylic acid polymers and ammonium salts 
thereof, etc.; anionic surface active agents, such as ammonivun oleate, ammonium laurylate, 
triethanolamine lauryl sulfate, polyoxyethylene lauryl ether ammonixmi sulfate, etc.; 
nonionic surface active agents, such as polyoxyethylene lauryl ether, polyoxyethylene 
sorbitan monolaurate, polyoxyethylene glycol distearate, polyethylene glycol monostearate, 
etc.; etc. These may be added at a proportion of 0.01 part by weight to 300 parts by 
weight with respect to 100 parts by weight of cerivim oxide particles. 

[0058] The aqueous cerium oxide slurry of the present invention can be particularly 
preferably used for the polishing of substrates whose main component is silica. The 
polishing of substrates whose main component is silica means the polishing of various 
films (fimctional films) formed on the aforementioned substrates in addition to the 
polishing of the aforementioned substrates themselves. As this polishing, specifically, the 
polishing a rock crystal, a photomask-purpose quartz glass, an organic film for a 
semiconductor device, a low-dielectric constant film for a semiconductor device, an inter- 
layer insulator film for a semiconductor device, trench isolation for a semiconductor device, 
or a glass-made hard disk substrate may be cited as examples. 

[0059] Hereinafter, the present invention will be described more specifically with reference 
to Examples (including measurement examples, comparative examples and test examples), 
but this does not limit the scope of the present invention. 
<EXAMPLES> 

[0060] Analytical methods adopted in the present invention are as described below. 

(1) pH measurement 

[0061] The measurement was done by using a pH meter [HM-30S made by (KK) Toa 
DenpaKogyo]- 

(2) Measurement of electric conductivity 

[0062] The measurement was done by using a diagometer [CM-30G made by (KK) Toa 

13 



Denpa Kogyo]. 

(3) Measurement of average particle diameters through laser diffraction method 

[0063] The average particle diameters were measured by using a laser diffraction method 
particle diameter measuring device MASTERSIZER 2000 (made by MALVERN Co.). 

(4) Particle diameters converted from specific surface area values obtained through the 
BET method (gas adsorption method) (BET method-converted particle diameters) 

[0064] With regard to specimens dried beforehand in predetermined conditions, a value of 
specific surface area was measured by using a nitrogen adsorption method specific surface 
area meter (MONOSORB MS-16 Model made by QUNTACHROME Co.), and from the 
measured value, a BET method-converted particle diameter was calculated. 

(5) Observation of primary particle diameters of cerium carbonate hydrate and cerium 
oxide with a scanning type electron microscope 

[0065] Electron microscopic photographs of specimens were taken by a scanning type 
electron microscope (FE-SEM S-4100 made by (KK) Nihon Denshi (KK), and primary 
particle diameters were observed. 

(6) Measurement by powder X-ray diffraction 

[0066] Using a powder X-ray diffraction apparatus [made by Rigaku Denki (KK)], a 
compoimd obtained by calcining was identified. Furthermore, the half value width of the 
hkl (111) of cerium oxide was measured, and an X-ray crystallite diameter was determined 
by a Debye-Sherrer method. 

(7) Measurement method for the amount of small particles 

[0067] 37 g of a pulverized slurry diluted with pure water to a solid content of 17% by 
mass was charged into a centrifugal tube of 50 mL. After centrifiigation at 3000 rpm 
(G=1000) for 10 minutes, 22.5 g of a supematant liquid was collected, and was dried at 
llO^C. The mass of the powder thus obtained was divided by the mass of the solid 
content in the slurry prior to the centrifiigation, so as to determine an amount of small 
particles. It was found as a result of observation with a scanning type electron microscope 
that the small particles were particles smaller than 30 nm. 

(8) Measurement and scanning type electron microscopic observation of BET method- 
converted particle diameters of large particles 

[0068] 115 g of a pulverized slurry diluted with pure water to a solid content of 15% by 
mass was charged into a glass-made sedimentation tube of 100 mL. After one day, 2 mL 
of a slurry was collected from a bottom portion of the tube. After the collected slurry was 
dried in predetermined conditions, a specific surface area value was measured and a BET 
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method-converted particle diameter was determined similarly to (4). Furthermore, the 
slurry was dried, and primary particle diameters of particles were observed with a scanning 
type electron microscope. 

(9) Measurement of the number of residual particles of 0.2 jmi or larger 

[0069] After polish-tested wafers were washed, the number of scratches and the number of 
particles of 0.2 \im or larger remaining on a surface of one wafer were measured by using a 
particle measuring device Surfscan 6420 (made by Tencor Co.) 

(10) Measurement of remaining oxide film thickness after the polish test 

[0070] The remaining oxide film thickness of a polished wafer was measured with an oxide 
film thickness meter NANOSPEC AFT 5100 (made by NANOSPEC Co.), and a polishing 
speed was calculated from the initial oxide film thickness (10000 A). 
(Preparation of Polishing Compositions) 
Example 1 

[0071] 20 g of cerium carbonate hydrate (50% by mass in terms of CeOj was contained) 
having platy particles of 2 ^m to 10 ^im based on observation with a scanning type electron 
microscope and an average particle diameter of 38 piri based on a laser diffraction method 
was charged into a porcelain cmcible. After being lidded, the crucible was charged into 
an electric fiimace, and the temperature was raised at a temperature rise speed of 30**C/hour 
from the room temperature to 350''C. After the temperature was held at 350®C for 10 
minutes, the crucible was taken out of the electric ftimace, so that 10.2 g of a powder (A-1) 
was obtained. The powder (A-1) was subjected to measurement with a powder X-ray 
diffraction apparatus. In spectral peaks, a peak that coincided with a characteristic peak of 
cerium oxide was seen. Furthermore, an X-ray crystallite diameter was 9.6 nm. The 
specific surface area of this powder (A-1) was 163 m^/g, and the BET method-conVerted 
particle diameter was 5.1 nm. 

[0072] 20g of cerium carbonate hydrate was charged into a crucible, and the temperature 
was raised at a temperature rise speed of 30°C/hour from the room temperature to 350**C. 
After the temperature was held at 350°C for 10 minutes, the temperature was raised at a 
temperature rise speed of HO'^C/hour to 770°C. After the temperature was held at 770°C 
for 15 hours, the temperature was cooled to the room temperature, so that 10 g of a powder 
(B-1) was obtained. The powder (B-1) was subjected to measurement with a powder X- 
ray diffraction apparatus. From spectral peaks, the powder was foimd to be cerium oxide. 
Furthermore, an X-ray crystallite diameter was 25.8 nm. 
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[0073] In the powder (B-1), the specific surface area and the BET method-converted 
particle diameter were different between the powder existing in a surface layer portion of 
the crucible and the powder existing in an internal portion of the crucible. The specific 
surface area of the powder in the surface layer portion of the crucible was 14.4 mVg, and 
the BET method-converted particle diameter thereof was 58.0 nm. The specific surface 
area of the powder in the intemal portion of the crucible was 16.7 mVg, and the BET 
method-converted particle diameter thereof was 50.0 nm. 

[0074] In the powder (B-1), the average value of the BET method-converted particle 
diameters of the powder in the surface layer portion of the crucible and the powder in the 
intemal portion of the crucible is 54.0 nm, and the difference (8.0 nm) between the BET 
method-converted particle diameters of the powder in the surface layer portion of the 
crucible and the powder in the intemal portion of the crucible is 1 5% in terms of the 
proportion to the average value (54.0 nm) of the BET method-converted particle diameters, 
and it can be understood that a cerium oxide powder with the distribution of BET-converted 
particle diameters being sharp was obtained. 
Ex ampl e 2 

[0075] 20 g of the same cerium carbonate hydrate as in Example 1 (50% by mass in terms 
of CeOj was contained) was charged into a porcelain cmcible. After being lidded, the 
cmcible was charged into an electric furnace, and the temperature was raised at a 
temperature rise speed of 60°C/hour firom the room temperature to 350*^C. After the 
temperature was held at 350**C for 10 minutes, the crucible was taken out of the electric 
fumace, so that 1 1.6 g of a powder (A-2) was obtained. The powder (A-2) was subjected 
to measurement with a powder X-ray diffraction apparatus. From spectral peaks, the 
powder was found to be a mixture of cerium oxycarbonate and cerivmi oxide. 
[0076] 20g of cerium carbonate hydrate was charged into a crucible, and the temperature 
was similarly raised at a temperature rise speed of 60*'C/hour from the room temperature to 
350**C. After the temperature was held at 350°C for 10 minutes, the temperature was 
raised at a temperature rise speed of 120*'C/hour to 770*='C. After the temperature was held 
at 770**C for 15 hours, the temperature was cooled to the room temperature, so that 10 g of 
a powder (B-2) was obtained. The powder (B-2) was subjected to measurement with a 
powder X-ray diffraction apparatus. From spectral pealcs, the powder was foxmd to be 
cerium oxide. 

[0077] In the powder (B-2), the specific surface area and the BET method-converted 
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particle diameter were different between the powder existing in a surface layer portion of 
the crucible and the powder existing in an internal portion of the crucible. The specific 
surface area of the powder in the surface layer portion of the crucible was 12.3 mVg, and 
the BET method-converted particle diameter thereof was 68.0 nm. The specific surface 
area of the powder in the intemal portion of the crucible was 14.9 mVg, and the BET 
method-converted particle diameter thereof was 56.0 nm. 

[0078] In the powder (B-2), the average value of the BET method-converted particle 
diameters of the powder in the surface layer portion of the crucible and the powder in the 
intemal portion of the crucible is 62.0 nm, and the difference (12.0 nm) between the BET 
method-converted particle diameters of the powder in the surface layer portion of the 
crucible and the powder in the intemal portion of the cmcible is 19% in terms of the 
proportion to the average value (62.0 nm) of the BET method-converted particle diameters, 
and it can be understood that a cerium oxide powder v^th the distribution of BET-converted 
particle diameters being sharp was obtained. 
Example 3 

[00791 20 g of the same cerixmi carbonate hydrate as in Example 1 (50% by mass in terms 
of CeOj was contained) was charged into each of three porcelain cracibles. After being 
lidded, the cmcibles were charged into an electric furnace, and the temperature was raised 
at a temperature rise speed of SO^'C/hour from the room temperature to 350**C. After that, 
the temperature was raised at a temperature rise speed of 120''C/hour to 770'*C. After the 
temperature was held at 770''C for 15 hours, the temperature was cooled to the room 
temperature, so that 8.6 g of each of a powder (B-3-1), a powder (B-3-2) and a powder (B- 
3-3) was obtained. The three kinds of powders were subjected to measurement with a 
powder X-ray diffraction apparatus. From spectral peaks, each powder was found to be 
cerium oxide. 

[00801 In the powder (B-3-1), the powder (B-3-2) and the powder (B-3-3), the specific 
surface area and the BET method-converted particle diameter were different between the 
powder existing in a surface layer portion of the cmcible and the powder existing in an 
intemal portion of the cracible. The specific surface area of the powder in the surface 
layer portion of the cmcible was 14.7 mVg (B-3-1), 14.1 mVg (B-3-2) and 13.8 mVg (B-3- 
3), and the BET method-converted particle diameter thereof was 57.0 nm (B-3-1), 59.0 nm 
(B-3-2) and 61.0 nm (B-3-3). The specific surface area of the powder in the intemal 
portion of the cmcible was 16.8 mVg (B-3-1), 16.3 mVg (B-3-2) and 16.5 mVg (B-3-3), and 
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the BET method-converted particle diameter thereof was 50.0 mn (B-3-1), 51.0 mn (B-3-2) 
and 51.0 mn(B-3-3), 

[00811 In the powder (B-3-1), the powder (B-3-2) and the powder (B-3-3), the average 
values of the BET method-converted particle diameters of the powder in the surface layer 
portion of the crucible and the powder in the intemal portion of the crucible were 53.5 nm 
(B-3-1), 55.0 nm (B-3-2) and 56.0 nm (B-3-3), respectively, and the differences [7.0 nm (B- 
3-1), 8.0 nm (B-3-2) and 10.0 nm (B-3-1)] between the BET method-converted particle 
diameters of the powder in the surface layer portion of the crucible and the powder in the 
intemal portion of the cracible were 13%, 15% and 18%, respectively, in terms of the 
proportion to the average value [53.5 nm (B-3-1), 55.0 nm (B-3-2) and 56.0 nm (B-3-3)] of 
the BET method-converted particle diameters. 

[0082] In the powder (B-3-1), the powder (B-3-2) and the powder (B-3-3), the average 
value of the BET-converted particle diameters at a total of 6 sites in the siuface layer 
portions and the intemal portions of the powders are 54.6 nm, and the standard deviation 
thereof is 4.0 nm. The value calculated through the aforementioned expression I is 7, and 
it can be understood that a cerium oxide powder with the distribution of BET-converted 
particle diameters being sharp was obtained. 
Comparative Example 1 

[0083] 20 g of the same cerium carbonate hydrate as in Example 1 (50% by mass in terms 
of CeOj was contained) was charged into a porcelain crucible. After being lidded, the 
crucible was charged into an electric furnace, and the temperature was raised at a 
temperature rise speed of HO^'C/hour from the room temperature to 350°C. After the 
temperature was held at 350®C for 10 minutes, the crucible was taken out of the electric 
fiimace, so that 12.4 g of a powder (C-1) was obtained. The powder (C-1) was subjected 
to measurement with a powder X-ray diffraction apparatus. A small amount of cerium 
carbonate hydrate was detected in addition to cerium oxycarbonate and cerium oxide. 
[0084] 20g of cerium carbonate hydrate was charged into a crucible, and the temperature 
was similarly raised at a temperature rise speed of 120^C/hour from the room temperature 
to 350*^0. After the temperature was held at 350°C for 10 minutes, the temperature was 
raised at a temperature rise speed of 120''C/hour to 770^*0. After the temperature was held 
at 770°C for 15 hours, the temperature was cooled to the room temperature, so that 10 g of 
a powder (D-1) was obtained. The powder (D-1) was subjected to measurement with a 
powder X-ray diffraction apparatus. From spectral peaks, the powder was foxmd to be 
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cerium oxide. 

[0085] In the powder (D-1), the specific surface area and the BET method-converted 
particle diameter were different between the powder existing in a surface layer portion of 
the crucible and the powder existing in an internal portion of the crucible. The specific 
surface area of the powder in the surface layer portion of the crucible was 7.5 mVg, and the 
BET method-converted particle diameter thereof was 111 .0 nm. The specific surface area 
of the powder in the intemal portion of the crucible was 13.7 mVg, and the BET method- 
converted particle diameter thereof was 61 .0 nm. 

[0086] In the powder (D-1), the average value of the BET method-converted particle 
diameters of the powder in the surface layer portion of the cmcible and the powder in the 
intemal portion of the crucible is 86.0 nm, and the difference (50.0 nm) between the BET 
method-converted particle diameters of the powder in the surface layer portion of the 
crucible and the powder in the intemal portion of the cmcible is 58% in terms of the 
proportion to the average value (86.0 nm) of the BET method-converted particle diameters, 
and it can be understood that a cerium oxide powder with the distribution of BET-converted 
particle diameters being broad was obtained, 
rnmparative Example 2 

[0087] 20 g of the same cerium carbonate hydrate as in Example 1 (50% by mass in terms 
of CeOj was contained) was charged into a porcelain cmcible. After being lidded, the 
cmcible was charged into an electric furnace, and the temperature was raised at a 
temperature rise speed of 480°C/hour fi^om the room temperature to 350°C. After the 
temperature was held at 350''C for 10 minutes, the cmcible was taken out of the electric 
fiimace, so that 14.6 g of a powder (C-2) was obtained. The powder (C-2) was subjected 
to measurement with a powder X-ray diffraction apparatus. The powder was foimd to be a 
mixture of cerium carbonate hydrate, cerium oxycarbonate and cerium oxide. 
[0088] 20 g of cerium carbonate hydrate was charged into a cmcible, and the temperature 
was similarly raised at a temperature rise speed of 480°C/hour from the room temperature 
to 350*^0. After the temperature was held at 350*^0 for 10 minutes, the temperature was 
raised at a temperature rise speed of 1 20°C/hour to 770**C, After the temperature was held 
at 770°C for 15 hours, the temperature was cooled to the room temperature, so that 5 g of a 
powder (D-2) was obtained. The powder (D-2) was subjected to measurement with a 
powder X-ray diffraction apparatus. From spectral peaks, the powder was found to be 
cerium oxide. 
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[0089] In the powder (D-2), the specific surface area and the BET method-converted 
particle diameter were different between the powder existing in a surface layer portion of 
the crucible and the powder existing in an internal portion of the crucible. The specific 
surface area of the powder in the surface layer portion of the crucible was 5.4 mVg, and the 
BET method-converted particle diameter thereof was 154.0 nm. The specific surface area 
of the powder in the intemal portion of the crucible was 11.4 mVg, and the BET method- 
converted particle diameter thereof was 73.0 nm. 

[0090] In the powder (D-2), the average value of the BET method-converted particle 
diameters of the powder in the surface layer portion of the crucible and the powder in the 
intemal portion of the cmcible is 113.5 nm, and the diflference (81.0 nm) between the BET 
method-converted particle diameters of the powder in the surface layer portion of the 
crucible and the powder in the intemal portion of the cmcible is 71% in terms of the 
proportion to the average value (113.5 nm) of the BET method-converted particle diameters, 
and it can be understood that a cerium oxide powder with the distribution of BET-converted 
particle diameters being broad was obtained. 
Example 4 

[0091] 3 kg of the same cerium carbonate hydrate as in Example 1 was filled into each of 
24 alumina-material containers of 280 mm in longitudinal dimension x237 mm in lateral 
dimension x 97 mm in depth. After the containers were charged into a 0.5 m^-electric 
fumace, the temperature was raised at a temperature rise speed of eO'^C/hour from the room 
temperature to 350°C, and was held at 350^C for 5 hours. Next, the temperature was 
raised at a temperature rise speed of UO'^C/hour to 764°C, and was held at 764*=*C for 15 
hours. From each of the 24 alumina-material containers, 1.5 kg of powder was obtained. 
Each powder was subjected to measurement with a powder X-ray diffraction apparatus, and 
was found to be cerium oxide. A total of 24 samples obtained by taking one sample from 
each of the 24 alumina-material containers were subjected to measurement of the BET 
method-converted particle diameters of cerivmi oxide. The average value thereof was 57.8 
nm, and the standard deviation was 4.6 nm, and the value calculated through the expression 
I was 8. Thus, it can be understood that a cerium oxide powder with the distribution of 
BET-converted particle diameters being sharp was obtained. This ceriimi oxide powder 
was observed with a scanning type electron microscope, and was found to be of 
agglomerated particles having primary particle diameters of 20 nm to 40 nm. 
[0092] 135 kg of partially stabilized zirconia beads of 1 mm(j> was charged into an SUS- 
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made container of 15 cm in radius x 73 cm in length lined with polyethylene. 
Furthermore, 13.5 kg of the obtained cerium oxide powder, 27 kg of pure water and 186 g 
of nitric acid of 10% by mass were charged thereinto, and pulverization was carried out at 
35 rpm for 6 hours. After the beads were separated while being washed by water drive 
using pure water, an aqueous ceriimi oxide slurry of 20% by mass in solid content 
concentration, pH5.3, and 47 jxm/S in electric conductivity was obtained. The BET 
method-converted particle diameter of the powder obtained by drying the slurry at 300^*0 
was 37 nm, and the average particle diameter thereof obtained through a laser diffraction 
method was 175 vm. The proportion of small particles smaller than 30 nm in this slurry 
was 12.6% by mass, and the BET-converted particle diameter of large particles was 45.7 
nm. 

Comparative Example 3 

[00931 3 kg of the same cerium carbonate hydrate as in Example 1 was filled into each of 
63 alumina-material containers of 280 mm in longitudinal dimension x 237 mm in lateral 
dimension x 97 mm in depth. After the containers were charged into a 2 m^-gas calcining 
furnace, the temperature was raised at a temperature rise speed of 120**C/hour from the 
room temperature to 350°C, and was held at 350°C for 5 hours. Next, the temperature 
was raised at a temperature rise speed of 120''C/hour to 750°C, and was held at 750''C for 
15 hours. From each of the 63 alumina-material contamers, 1.5 kg of powder was 
obtained. Each powder was subjected to measurement v^th a powder X-ray diffraction 
apparatus, and was found to be cerium oxide. A total of 63 samples obtained by taking 
one sample from each of the 63 alumina-material containers were subjected to 
measurement of the BET method-converted particle diameters of cerium oxide. The 
average value thereof was 58.5 nm, and the standard deviation was 14.0 nm, and the value 
calculated through the expression I was 24. Thus, it can be understood that a cerium oxide 
powder with the distribution of BET-converted particle diameters being broad was obtained. 
This cerium oxide powder was observed with a scanning type electron microscope. Ghost 
particles of platy cerium carbonate particles and primary particles of 400 nm to 500 nm 
were observed in addition to agglomerated particles having primary particle diameters of 20 
imi to 40 nm. 

[0094] 135 kg of partially stabilized zirconia beads of 1 mm^ was charged into an SUS- 
made container of 15 cm in radius x 73 cm in length lined with polyethylene. 
Furthermore, 13.5 kg of the obtained cerium oxide powder, 27 kg of pure water and 186 g 
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of nitric acid of 10% by mass were charged, and pulverization was carried out at 35 rpm for 
6 hours. After the beads were separated while being washed by water drive using pure 
water, an aqueous cerium oxide slurry of 20% by mass in solid content concentration, 
pH4.5, and 82 nm/S in electric conductivity was obtained. The BET method-converted 
particle diameter of the powder obtained by drying the slurry at 300**C was 40 nm, and the 
average particle diameter thereof obtained through a laser diffraction method was 185 nm. 
The proportion of small particles smaller than 30 nm in this slurry was 13.9% by mass, and 
the BET-converted particle diameter of large particles was 44.8 nm. Cerium oxide 
particles of this slurry were observed with a scanning type electron microscope. Coarse 
particles of 1 |j,m or larger, which were not seen in the cerium oxide powder of Example 3, 
were observed. 
Example 5 

[0095] 5 g of cerium carbonate hydrate (50% by mass in terms of CeOz was contained) 
having platy particles of 2 |xm to 10 fxm based on observation with a scanning type electron 
microscope and an average particle diameter of 38 nm based on a laser diffraction method 
was charged into a Pyrex glass calcining tube of 30 mm^ x 600 mm, and the temperature 
thereof was raised at a temperature rise speed of 60®C/hour from the room temperature to 
210'*C. On this occasion, during the heating up to lOO^'C, a dry air of 0.9 liter/minute was 
introduced, and from the calcining above lOO^'C on, a humidified mixture gas which was 
obtained by bubbling a hot bath of 93''C with air of 0.9 liter/minute and whose partial 
pressure ratio calculated through the expression II was 0.7 was introduced into the Pyrex 
glass calcining tube. After the temperature reached 210''C, the humidified gas was 
immediately stopped, and a powder (A-5) obtained was cooled, and was taken out of the 
Pyrex glass calcining tube. 

[0096] The powder (A-5) was subjected to measurement with a powder X-ray diffraction 
apparatus. The spectral peaks coincided vsdth the characteristic peaks of cerium oxide, and 
the X-ray crystallite diameter measured from the hkl (111) peak was 17.5 imi. 
Furthermore, the specific surface area of the powder (A-5) was 146 mVg, and the BET 
method-converted particle diameter thereof was 5.7 nm. 

[0097] Similarly, 5 g of the aforementioned cerium carbonate hydrate (50% by mass in 
terms of CeOj was contained) was charged into a Pyrex glass calcining tube of 30 mm^ x 
600 mm, and the temperature thereof was raised at a temperature rise speed of 60*^C/hour 
from the room temperature to 210''C. On this occasion, during the calcining up to 100**C, 
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a dry air of 0.9 liter/minute was introduced, and from the heating above lOO^C on, a 
humidified mixture gas which was obtained by bubbling a hot bath of with air of 0.9 
liter/minute and whose partial pressure ratio calculated through the expression II was 0.7 
was introduced into the Pyrex glass calcining tube. After the temperature reached 210**C, 
the humidified gas was immediately stopped. After that, the temperature was raised at a 
temperature rise speed of 120°C/hour to 350''C, and was held at 350**C for 5 hours, and was 
raised to 770**C, and was held at 770^C for 15 hours, and then was cooled to the room 
temperatiu"e, so that 2.5 g of a powder (B-5) was obtained. 

[0098] The powder (B-5) was subjected to measurement with a powder X-ray diffraction 
apparatus, and was foimd to be cerium oxide. The X-ray crystallite diameter measured 
from the hkl (111) peak was 25.7 nm. Furthermore, the specific surface area of the 
powder (B-5) was 15.2 mVg, and the BET method-converted particle diameter thereof was 
55 nm. From observation with a scanning type electron microscope, the primary particle 
diameter was found to be 20 to 40 nm. 
Example 6 

[00991 5 g of the same cerium carbonate hydrate (50% by mass in terms of CeOj was 
contained) as in Example 5 was charged into a Pyrex glass calcining tube of 30 mm<t) x 600 
mm, and the temperature thereof was raised at a temperature rise speed of 30®C/hour from 
the room temperature to 210°C. On this occasion, during the heating up to 100°C, a dry 
air of 0.9 liter/minute was introduced, and from the calcining above lOO^^C on, a humidified 
mixture gas which was obtained by bubbling a hot bath of 93®C with air of 0.9 liter/minute 
and whose partial pressure ratio calculated through the expression II was 0.7 was 
introduced into the Pyrex glass calcining tube. After the temperature reached 210^*0, the 
himiidified gas was switched to a dry air, and the temperature was raised at 60°C/hoiu- to 
350*^0. Then the temperature was fiirther raised at a temperature rise speed of 120°C/hour 
to 770°C, and was held at 770°C for 15 hours, and then was cooled to the room temperature, 
so that 2.5 g of a powder (B-6) was obtained. 

[0100] The powder (B-6) was subjected to measurement with a powder X-ray difiraction 
apparatus, and was foimd to be cerium oxide. The X-ray crystallite diameter on the hkl 
(111) surface was 28.5 nm. Furthermore, the specific surface area of the powder (B-6) 
was 13.0 mVg, and the BET method-converted particle diameter thereof was 64 nm. From 
observation with a scanning type electron microscope, the primary particle diameter of the 
powder (B-6) was found to be 20 to 40 nm. 
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Example 7 

[0101] 5 g of the same cerium carbonate hydrate (50% by mass in terms of CeOj was 
contained) as in Example 5 was charged into a Pyrex glass calcining tube of 30 wm^ x 600 
mm, and the temperature thereof was raised at a temperature rise speed of 30®C/hour from 
the room temperature to 210°C. On this occasion, during the heating up to lOO^C, a dry 
air of 0.9 liter/minute was introduced, and from the calcining above 100**C on, a humidified 
mixture gas which was obtained by bubbling a hot bath of 80°C with air of 0.9 liter/minute 
and whose partial pressure ratio calculated through the expression II was 0.55 was 
introduced into the Pyrex glass calcining tube. After the temperature reached 210^C, the 
humidified gas was stopped, and without holding the temperature, cooling was carried out. 
A powder (A-7) obtained was taken out of the Pyrex glass calcining tube. 
[0102] The powder (A-7) was subjected to measurement with a powder X-ray diffraction 
apparatus. The spectral peaks coincided with the characteristic peaks of cerium oxide, and 
the X-ray crystallite diameter onthehkl (111) surface was 14.9 nm. Furthermore, the 
specific surface area of the powder (A-7) was 167 m^/g, and the BET method-converted 
particle diameter thereof was 5.0 nm. 

[0103] Similarly, 5 g of the aforementioned cerium carbonate hydrate (50% by mass in 
terms of CeOj was contained) was charged into a Pyrex glass calcining tube of 30 mm^ x 
600 mm, and the temperature thereof was raised at a temperature rise speed of 30°C/hour 
from the room temperature to 210°C. On this occasion, during the heating up to lOO^'C, a 
dry air of 0.9 liter/minute was introduced, and from the calcining above 100°C on, a 
humidified mixture gas which was obtained by bubbling a hot bath of 80^C with air of 0.9 
liter/minute and whose partial pressure ratio calculated through the expression II was 0.55 
was introduced into the Pyrex glass calcining tube. After the temperature reached 210°C, 
the himiidified gas was stopped. After that, the temperature was raised at a temperature 
rise speed of 120°C/hour to 350°C, and was held at 350°C for 5 hours, and was raised to 
770°C, and was held at 770°C for 15 hours, and then was cooled to the room temperature, 
so that 2.5 g of a powder (B-7) was obtained. 

[0104] The powder (B-7) was subjected to measurement with a powder X-ray diffraction 
apparatus, and was foimd to be cerium oxide. The X-ray crystallite diameter on the hkl 
(111) surface was 27.7 nm. Furthermore, the specific surface area of the powder (B-7) 
was 14. 1 mVg, and the BET method-converted particle diameter thereof was 59 nm. From 
observation with a scanning type electron microscope, the primary particle diameter of the 
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powder (B-7) was foxind to be 20 to 40 nm. 
Example 8 

[0105] 5 g of the same cerium carbonate hydrate (50% by mass in terms of CeOj was 
contained) as in Example 5 was charged into a Pyrex glass calcining tube of 30 rrun<|) x 600 
mm, and the temperature thereof was raised at a temperature rise speed of 60°C/hour from 
the room temperature to 350°C. On this occasion, during the heating up to lOO^C, a dry 
air of 0.9 liter/minute was introduced, and from the calcining above 100°C on, a humidified 
mixture gas which was obtained by bubbling a hot bath of 93''C with air of 0.9 liter/minute 
and whose partial pressure ratio calculated through the expression II was 0.7 was 
introduced into the Pyrex glass calcining tube. After the temperature reached 350*^C, the 
introduction of the humidified gas was stopped, and without holding the temperature, 
cooling was carried out, A powder (A-8) obtained was taken out of the Pyrex glass 
calcining tube. 

[0106] The powder (A-8) was subjected to measurement with a powder X-ray diffraction 
apparatus. The spectral peaks coincided with the characteristic peaks of cerium oxide, and 
the X-ray crystallite diameter on the hkl (111) surface was 17.1 imi. Furthermore, the 
specific surface area of the powder (A-8) was 141 mVg, and the BET method-converted 
particle diameter thereof was 5.9 run. 

[0107] Similarly, 5 g of the same cerium carbonate hydrate (50% by mass in terms of CeOj 
was contained) as the aforementioned one was charged into a Pyrex glass calcining tube of 
30 mm(t) X 600 mm. During the heating up to lOO^'C, a dry air of 0.9 liter/minute was 
introduced, and from the calcining above 100°C on, a humidified mixture gas which was 
obtained by bubblmg a hot bath of 93''C with air of 0.9 liter/minute and whose partial 
pressure ratio calculated through the expression II was 0.7 was introduced into the Pyrex 
glass calcining tube. After the temperature was raised at a temperature rise speed of 
60**C/hour from the room temperature to 350''C, the humidified gas was stopped. After 
that, the temperature was raised at a temperature rise speed of 120®C/hour to 770*^C, and 
was held at 770''C for 15 hours, and then was cooled to the room temperature, so that 2.5 g 
of a powder (B-8) was obtained. 

[0108] The powder (B-8) was subjected to measurement with a powder X-ray diflfraction 
apparatus, and was found to be cerium oxide. The X-ray crystallite diameter on the hkl 
(111) surface was 35.1 nm. Furthermore, the specific surface area of the powder (B-8) 
was 12.4 mVg, and the BET method-converted particle diameter thereof was 67 nm. From 
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observation with a scanning type electron microscope, the primary particle diameter of the 
powder (B-8) was found to be 20 to 50 nm. 
Comparative Example 4 

[0109] 5 g of the same cerium carbonate hydrate (50% by mass in terms of CeOj was 
contained) as in Example 5 was charged into a Pyrex glass calcining tube of 30 mm(|) x 600 
mm. During the heating up to 100**C, a dry air of 0.9 liter/minute was introduced, and 
from the calcining above lOO^C on, a humidified mixture gas which was obtained by 
bubbling a hot bath of 65**C with air of 0.9 liter/minute and whose partial pressure ratio 
calculated through the expression II was 0.2 was introduced into the Pyrex glass calcining 
tube. After the temperature was raised at a temperature rise speed of 60'^C/hour from the 
room temperature to 210*^C, the humidified gas was stopped, and v^thout holding the 
temperature, cooling to the room temperature was carried out. A powder (C-4) obtained 
was taken out of the Pyrex glass calcining tube. 

[0110] The powder (C-4) was subjected to measxirement with a powder X-ray diffraction 
apparatus. The spectral peaks coincided with the characteristic peaks of cerium oxide, and 
the X-ray crystallite diameter on the hkl (111) surface was 7.1 nm. Furthermore, the 
specific surface area of the powder (C-4) was 174 mVg, and the BET method-converted 
particle diameter thereof was 4.8 nm. 

[0111] Similarly, 5 g of the aforementioned cerium carbonate hydrate (50% by mass in 
terms of Ce02 was contained) was charged into a Pyrex glass calcining tube of 30 mm<|> x 
600 mm. During the heating up to 100°C, a dry air of 0.9 liter/minute was introduced, and 
from the calcining above lOO^C on, a humidified mixture gas which was obtained by 
bubbling a hot bath of 65°C with air of 0.9 liter/minute and whose partial pressure ratio 
calculated through the expression II was 0.2 was introduced into the Pyrex glass calcining 
tube. After the temperature was raised at a temperature rise speed of 60®C/hour from the 
room temperature to 210**C, the humidified gas was stopped. After that, the temperature 
was raised at a temperature rise speed of 120^C/hour to 350°C, and was held at 350°C for 5 
hours, and then was raised to 770°C, and was held at 770^C for 15 hours, and then was 
cooled to the rbom temperature, so that 2.5 g of a powder (D-4) was obtained. 
[0112] The powder (D-4) was subjected to measurement with a powder X-ray diffraction 
apparatus, and was found to be cerium oxide. The X-ray crystallite diameter on the hkl 
(111) surface was 80.1 nm. Furthermore, the specific surface area of the powder (D-4) 
was 3.9 mVg, and the BET method-converted particle diameter thereof was 211 nm. From 
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observation with a scanning type electron microscope, it was found that the primary particle 
diameter of the powder (D-4) was 20 to 300 nm and the powder (D-4) was nonuniform. 
Example 9 

[0113] 400 g of the same cerium carbonate hydrate (50% by mass in terms of CeOj was 
contained) as in Example 5 was charged into an SUS-made calcining tube of 20 mm<|) x 600 
mm. During the heating up to 100°C, a dry air of 5 litters/minute was introduced, and 
from the calcining above lOO'^C on, a himiidified mixture gas which was obtained by 
bubbling a hot bath of 93°C with air of 5 liters/minute and whose partial pressure ratio 
calculated through the expression II was 0.7 was introduced into the SUS-made calcining 
tube. After the temperature was raised at a temperature rise speed of 30°C/hour from the 
room temperature to 210^C, the humidified gas was switched to a dry air of 5 liters/minute. 
Then, the temperature was raised at a temperature rise speed of 120°C/hour to 350**C, and 
was held at 350**C for 5 hours, and then was further raised to 764°C, and was held at 764*'C 
for 15 hours, and then was cooled to the room temperature, so that 200 g of a powder (B-9) 
was obtained, 

[0114] The powder (B-9) was subjected to measurement with a powder X-ray diffraction 
apparatus. The spectral peaks coincided with the characteristic peaks of cerium oxide. 
Furthermore, the specific surface area of the powder (B-9) obtained through the BET 
method was 14.2 mVg, and the BET method-converted particle diameter thereof was 58.6 
nm. From observation with a scanning type electron microscope, the primary particle 
diameter of the powder (B-9) was found to be 20 to 40 nm. By repeating the above- 
described operation twice, a total of 400g of the powder (B-9) was obtained. 
[0115] 3.8 kg of partially stabilized zirconia beads of 1 mm(|> was charged into a 
polyethylene-made container of 7 cm in radius x 21 cm in length. Furthermore, 380 g of 
the obtained cerium oxide powder (B-9), 760 g of pure water and 5.8 g of 10% nitric acid 
were charged thereinto, and pulverization was carried out at 60 rpm for 4 hours. After the 
beads were separated while being washed by water drive using pure water, an aqueous 
cerium oxide slurry of 20% by mass in solid content concentration, pH5.5, and 27 fim/S in 
electric conductivity was obtained. The BET method-converted particle diameter of the 
powder obtained by drying the slurry at 300°C was 41 nm. The particle diameter of the 
powder (B-9) measured through a laser diffraction method was D,o=79 nm, D5o=285 nm, 
and 0^0=1313 nm. 
Comparative Example 5 
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[0116] 400 g of the same cerium carbonate hydrate (50% by mass in terms of Ce02 was 
contained) as in Example 5 was charged into an SUS-made calcining tube of 20 mm(j) x 600 
mm. While a not-humidified air of 5 liters/minute was being introduced, the temperature 
was raised at a temperature rise speed of 120**C/hour to 350*^0, and was held at 350°C for 5 
hours, and then was further raised to 705*^0, and was held at 705°C for 15 hours, and then 
was cooled to the room temperature, so that 200 g of a powder (D-5) was obtained. 
[0117] The powder (D-5) was subjected to measurement with a powder X-ray dif&action 
apparatus. The spectral peaks coincided with the characteristic peaks of cerium oxide. 
Furthermore, the specific surface area of the powder (D-5) obtained through the BET 
method was 22.7 mVg, and the BET method-converted particle diameter thereof was 65.6 
nm. From observation with a scanning type electron microscope, the primary particle 
diameter of the powder (D-5) was found to be 20 to 80 nm. By repeating the above- 
described operation twice, a total of 400g of the powder (D 5) was obtained. 
[0118] 3.8 kg of partially stabilized zirconia beads of 1 mm<|> was charged into a 
polyethylene-made container of 7 cm in radius x 21 cm in length. Furthermore, 380 g of 
the obtained cerium oxide powder (D-5), 760 g of pure water and 5.8 g of 10% nitric acid 
were charged thereinto, and pulverization was carried out at 60 rpm for 4 hours. After the 
beads were separated while being washed by water drive using pure water, an aqueous 
cerium oxide slurry of 20% by mass in solid content concentration, pH5.5, and 31 |jm/S in 
electric conductivity was obtained. The BET method-converted particle diameter of the 
powder obtained by drying the slurry at SOO^'C was 37 nm. The particle diameter of the 
powder (D-5) measured through a laser diffraction method was Dio=108 nm, D5o=530 nm, 
and D9o=1564 nm. 
Comparative Example 6 

[0119] 400 g of the same cerium carbonate hydrate (50% by mass in terms of Ce02 was 
contained) as in Example 5 was charged into an SUS-made calcining tube of 20 mm^ x 600 
mm. While a not-humidified air of 5 liters/minute was being introduced, the temperature 
was raised at 120''C/hour to 350''C, and was held at 350''C for 5 hours, and then was further 
raised to 764**C, and was held at 764 for 15 hours, and then was cooled to the room 
temperature, so that 200 g of a powder (D-6) was obtained. 

[0120] The powder (D-6) was subjected to measurement with a powder X-ray diffraction 
apparatus. The spectral peaks coincided v^th the characteristic peaks of cerium oxide. 
Furthermore, the specific surface area of the powder (D-6) obtained through the BET 
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method was 9.2 mVg, and the BET method-converted particle diameter thereof was 90.7 
nm. From observation with a scanning type electron microscope, the primary particle 
diameter of the powder (D-6) was found to be 20 to 200 nm. By repeating the above- 
described operation twice, a total of 400g of the powder (D-6) was obtained. 
[0121] 3.8 kg of partially stabilized zirconia beads of 1 mm<|> was charged into a 
polyethylene-made container of 7 cm in radius x 21 cm in length. Furthermore, 380 g of 
the obtained cerium oxide powder (D-6), 760 g of pure water and 5.8 g of 10% nitric acid 
were charged thereinto, and pulverization was carried out at 60 rpm for 4 hours. After the 
beads were separated while being washed by water drive using pure water, an aqueous 
cerium oxide slurry of 20% by mass in solid content concentration, pH5.1, and 50 ^im/S in 
electric conductivity was obtained. The BET method-converted particle diameter of the 
powder obtained by drying the slurry at 300°C was 52.0 nm. The particle diameter of the 
powder measured through a laser diffraction method was Dio=416 nm, D5o=755 nm, and 
D9o=1346 nm. 

[0122] 3.8 kg of partially stabilized zirconia beads of 1 mm<|> was charged into a 
polyethylene-made container of 7 cm in radius x 21 cm in length. Furthermore, 380 g of 
the obtained cerium oxide powder (D-6), 760 g of pure water and 5.8 g of 10% nitric acid 
were charged thereinto, and pulverization was carried out at 60 rpm for 7 hours and fifteen 
minutes. After the beads were separated while being washed by water drive using pure 
water, an aqueous cerium oxide slurry of 20% by mass in solid content concentration, 
pH5.1, and 50 ^im/S in electric conductivity was obtained. The BET method-converted 
particle diameter of the powder obtained by drying the slurry at 300°C was 42 nm. The 
particle diameter of the powder measxired through a laser difiGraction method was Dio=65 
nm, D5o=135 nm, and D9o=666 nm. 

(Preparation of Abrasive Liquid and Abrasive Test - Test 1) 

[0123] The aqueous cerium oxide slurries obtained in Example 4 and Comparative 
Example 3 were diluted vnih pure water to 0.5% by mass in the solid content concentration, 
whereby abrasive liquids were prepared. 
[0124] The abrasive test was performed as stated below. 

[0125] As workpieces to be processed, 200-nMn silicon wafers with a TEOS film (oxide 
film lOOOOA) were used. A foamed polyurethane-made abrasive cloth (equipped with 
trade name IC-1000 groove) was stuck to the surface table of a single-face polisher made 
by Lapmaster (KK), and a substrate's polish surface was set so as to face the abrasive cloth. 
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and was polished with a load of 20 kPa applied. 

[0126] The surface table revolution speed was 50 revolutions per minute. With an amoxint 
of slurry supply of 200 mL/minute, polishing was carried out for 90 seconds. 
[0127] After the polishing, the workpiece was taken out, and was washed. After that, the 
polishing speed was computed from the number of remaining particles and the remaining 
oxide film thickness. 

[0128] Results regarding the polishing speed and the number of remaining particles in the 
abrasive test in which the abrasive liquids prepared from the aqueous cerium oxide slurries 
of Example 4 and Comparative Example 3 were used are shown in Table 1 . 

Table 1 



Kind of abrasive Polishing speed Number of remaining Number of 

liquid (nm/min.) particles of 0.2 |am or larger scratches 

(pieces/wafer) 



Example 4 76 11 Small 

Comparative 

Examples 77 21 Large 



[0129] From table 1, in a comparison between the case where the abrasive liquid prepared 
from the aqueous ceriimi oxide slurry of Example 4 was used and the case where the 
abrasive liquid prepared from the aqueous cerium oxide slurry of Comparative Example 3 
was used, it can be understood that the number of remaining particles and the number of 
scratches were smaller and excellent polishing characteristics were obtained in the case 
where the abrasive liquid prepared from the aqueous cerium oxide slurry of Example 4 
containing oxide ceriimi particles having imiform BET method-converted particle 
diameters was used. 

(Preparation of Abrasive Liquid and Abrasive Test - Test 2) 

[0130] The aqueous cerium oxide slurries obtained in Example 9 and Comparative 
Example 5 were diluted with pure water to 10% by mass in the solid content concentration, 
whereby abrasive liquids were prepared. 
[0131] The abrasive test was performed as stated below. 
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[0132] As workpieces to be polished, quartz glass pieces of 100 mm in diameter were used. 
A nonwoven type polyurethane abr2isive cloth (equipped with trade name Suba 600, 430 
mm<J>, made by Rodel Nitta (KK)) was stuck to the surface table of a single-face polisher 
made by Techno Rise (KK), and a substrate's polish surface was set so as to face the 
abrasive cloth, and was polished with a load of 20 kPa applied. 

[0133] The surface table revolution speed was 40 revolutions per minute. With an amount 
of slurry supply of 10 mL/minute, polishing was carried out for 10 minutes. 
[0134] After the polishing, the workpiece was taken out, and was washed. After that, the 
polishing speed was computed from the weight reduction, and the polished surface of each 
piece was visually observed for defects. 

[0135] Results regarding the polishing speed and the visual observation in the abrasive test 
in which the abrasive liquids prepared from the aqueous cerium oxide slurries of Example 9 
and Comparative Example 5 were used are shown in Table 2. 

Table 2 



Kind of BET method- Laser diffraction Polishing Visual 

abrasive converted particle method particle speed observation 
liquid diameter (nm) diameter D50 (nm) (nm/min.) 



Example 9 39 285 111 No scratch 

Comparative 

Examples 37 530 90 Scratches and 

defects present 



[0136] From Table 2, it can be understood that cerium oxide particles contained in the 
abrasive liquid from Comparative Example 5 has a large average particle diameter 
measured through the laser diffraction method although they have a small BET method- 
converted particle diameter. This means that the cerium oxide particles contained in the 
abrasive liquid from Comparative Example 5 include particles having very small particle 
diameters and particles having very large particle diameters. Therefore, the case where 
the abrasive liquid prepared from the aqueous cerium oxide slurry of Example 9 was used 
and the case where the abrasive liquid prepared from the aqueous cerium oxide slurry of 
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Comparative Example 5 was used are compared as follows. In the case where the 
abrasive liquid from Comparative Example 5 was used, the polishing speed was slow, and 
small scratches were seen in the visual observation. On the other hand, in the case where 
the abrasive liquid from Example 9 was used, the polishing speed was fast, and no scratch 
was present in the polished surface, and it can be understood that excellent polishing 
characteristics were obtained. 

[0137] In order to obtain cerium oxide of a BET method-converted particle diameter 
substantially equal to that of Example 9, Comparative Example 6 needs nearly twice the 
pulverizing time. Thus, Comparative Example 6 is poor in productivity. Furthermore, 
the primary particle diameter distribution of oxide cerium of Comparative Example 6 is 
wide, and large particles of 200 nm are present. Therefore, a problem of degradation of 
the polished surface quality is caused. 

INDUSTRIAL APPLICABILITY 
[0138] The aqueous cerium oxide slurry containing cerium oxide particles obtained through 
the production method of the present invention can be used as a final finishing abrasive for 
various substrates whose main component is silica. 
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